growth, which have been demonstrated by Casper s s o n and
and by Br ac he t (1933, 1942) , sustain the theory. In the course of a cytological work on chelating compounds in animal tissues the author incidentally noticed that a nucleolar substance of mammalian nerve cells was histochemically demonstrated with the diphe-nylthiocarbazide (dithizide) agent. This phenomenon and further the nucleo-cytoplamic behavior of the substance during growth of the cells seems to contribute to Casper s s o n's theory. In the present report the author's modification of dithizide method for the presence of metal in nucleoli and polarographic analysis of the material for identification with zinc are described, together with further observations with post-natal young as well as with histochemical examination of the dithizide positive substance.
Material and Methods
Histochemical observations were based on the lumbar regions of the spinal cords obtained from rats and mice, of which 5 adults, 14 young (2 immediately after birth, 3 aged 7 days, 2 aged 11 days, 3 aged 21 days, 2 aged 28 days and 2 aged 42 days) and 5 embryos just before birth were each used, being supplemented by those on the spinal cords of guinea pig, rabbit and dog. Findings on human 87 88 Masao Matti spinal cords were obtained from 2 men, an aged male who died of cerebral hemorrage and an aged female who died of bronchial asthma.
Histochemical diphenylthiocarbazide. method for metal. Materials were fixed by vascular perfusion with distilled ethanol (95%) and immersion in it for 24-48 hours. As routine preparations were done, the materials were imbedded in paraffin, after clearing in xylene, sectioned with an ordinary microtome knife and attached to the slide. Sections were completely deparaffinized in xylene and were rinsed in metal-free redistilled water for 30 minutes.
They were stained with saturated solution of dithizide in distilled metal-free ethanol, being covered directly with undiluted solution at 20°-25°C. for 10 minutes. The dithizide ethanol solution (pH 7.5), must be used before oxidizing because of its high tendency of oxidation.
Such attention affords the key to succeed in the present staining method. Sections after being washed in distilled ethanol or bergamot oil for a moment, were mounted in balsam.
Counterstain was not employed because of impairment of accurate observation. Sections thus stained remained unaffected by laboratory conditions for over half a year, excepting that the balsam assumed a brown tint.
The other staining methods were as follows ; hematoxylin-eosin staining, thionin staining for Nissl substance, F e u 1 g e n's reaction for desoxyribonucleic acid, periodic acid Sc hi f f reaction for polysaccharides, Sudan black B for lipids, alloxan-S c h i f f reaction for protein (a amino acid), K u r at a's (1953) method for carbonic anhydrase, T i r m a n n and S c h m e r z e r's Turnbull blau reaction for iron, and G 1 i c k's nitroprusside method for sulfhydryl. The other fixatives were as follows ; formol, formol-alcohol, Zenkerformol and L e v i's-fluid (R o m e i s, 1948).
The phase-contrast-microscope was employed for identification of nucleoli. Particular histochemical techniques, material and methods for polarographic analysis as well as for experiment of Ca-EDTA injected animal, will be described with relevant observations.
Results
Microscopical observations. Histochemical demonstration with ethanol-fixed tissue sections with the use of dithizide ethanol solution succeeded in visualizing positive reaction in the nucleoli of nerve cells in the whole range of Occurrence of zinc in the nucleoli of mammalian nerve cells 89 the spinal cords the author used (rat, mouse, guinea pig, rabbit, dog, and man) ( fig. 1-6 ) except for those of the embryos.
Nucleoli were diffusely coloured red purple, but droplets or granulation did not occur in them, as it occurred when other methods (0 k a m o to et ai. 1951 , Mager et al. 1953 ) were used to demonstrate cytoplasmic inclusions. Most interesting findings were obtained from the post-natal young during the 3rd and 4th week, i. e. the dithizide positive substance appeared in nuclei and in cytoplasm, in the shape of granulation or diffuse coloration.
The differentiation of the substance in question in rat specimen will be mentioned.
No part of nerve cells in spinal cord of rat embryo was stained. On the 7th day after birth the nucleoli of the cells were faintly coloured red purple ( fig. 7 ). On the 14th day, the dithizide positive substance appeared not only in nucleoli but also in nuclei, and occasionally in cytoplasm, although most of the cells were stained only in the nucleoli ( fig. 8) .
On the 21st and 28th day such substance appears abundantly in nuclei and in cytoplasm in various shapes. Such differentiating cells can be divided into four types ; first the substance occurres only in nucleoli (ca. 45%), second in both nucleolus and nucleus (ca. 12%), third in nucleolus, nucleus and cytoplasm (ca. 19%), and lastly in nucleolus and cytoplasm (ca. 24%). In spite of such four types the modes of the occurrence in each part of the cell are various. Though nucleoli exhibit diffuse red purple colouration, most of them are provided with more or less deep red fine granules.
It often appears in particular nucleoli that the substance forms several larger granules in the periphery (0.3-0.4 1.1 in diameter) ( fig. 20 ). Such nucleoli, whose cells have in general neither the positive substance in the nucleus nor in the cytoplasm, is occasionally observed in the larger cells of the 28th day young.
The mode of the appearance in nuclei had three types. In the first case the positive substance had a small or large ring around the nucleolus resembling a halo around the moon. In the second case one or two spots of the substance are present in the nucleus, in the nucleolus many fine granules being found.
In the third case a few granules of small strings of granulation are found around the more faintly colored nucleolus, and such granulation seems to correspond to nucleolus-associated-chromatin.
The cell provided with such a nucleus often had the substance of granulation in cytoplasm
In some cells the positive substance which appears in cytoplasm, exhibits only diffuse red purple colouration, or produces red purple granulations or droplets accompanied with more or less diffuse substance ( fig. 9 and 11 ). In such cases diffuse red coloration most frequently spreads all over the cytoplasm, a few small droplets being present only in the ectoplasm ( fig. 15 and 17) . Frequently many small droplets appear around the nucleus or in endoplasm.
When such granulations are found in cytoplasm, the nucleolus alone is stained, the nucleus remaining unstained ( fig. 18 ). It was rarely observed that, where a nucleolus is in contact with the nuclear membrane, the diffuse substance spreads from the nucleolus into the cytoplasm ( fig.  13 ).
Although such different shapes of the dithizide substance exist in cytoplasm, in any case the positive substance is not found in dendrit and neurit.
On the 42nd day, most of the cells have the positive substance only in nucleoli, however diffuse red colouration with small granules is found in the one side part of the cytoplasm ( fig. 22 and 24) .
In the adult rat the positive substance appears only in nucleoli.
In the same way as in rat, the substance differentiates in mouse too.
Histochemical examination of the dithizide positive substance. Effect of fixatives. Metal containing fixatives were not suitable to the nucleolar dithizide positive reaction. Formalin also affects significantly the reaction, but the cause of this is unknown.
Although ethanol without the contamination of metal seems at present to be the most suitable fixative, the longer duration of the fixation impaired the reaction because of possible dissolution of the positive substance into ethanol. In case of human material, which had been fixed longer than in animal material, a marked effect on the reaction was not observed.
Aqua distillata, in which the deparaffinized sections were rinsed before staining, affected the reaction, so that zinc-free redistilled water pretreated with the dithizon-CC14 solution must be used. (The specific electric conductivity of the water was 0.8-0.5 p5/cm.) After RNAase digestion (in veronal buffer solution at pH 6.78 at 60°C. for 30 minutes), the nucleolus and the cytoplasmic granulation lost the stainability with dithizide, but a little of the positive substance in the border around the nucleolus remained unaffected. When hydrolysis with 1N hydrochloric acid for 25 minutes at 37°C. before the dithizide staining method, was done, the same picture was obtained.
Subsequently to rinsing only in hot water of 37°C. for 60 minutes, the dithizide stainability of the cytoplasmic substance was not lost, on the other hand nucleolar coloration faded away, thus indicating that the nucleolar substance became soluble in hot water because of a possible autodigestion.
The pretreatment of the section with 0.5% EDTA (Ethylenediamine tetraacetic acid) for 15 minutes did not affect the dithizide positive substance, but 0.5% oxine (8-Hydroxyquinoline) ethanol solution for 5 minutes made the reaction negative, though the reason was unknown.
Staining property of the nucleolus during growth. Hi-stochemistry of nucleolus of the nerve cell was reported by a number of investigators including W. S. Vincent (1955) and M. Her ti (1956) , with whose observations those of the author were in agreement in. general. Of the result with the nucleolus of the nerve cells especially during growth, which was examined with the staining method mentioned above, the author notes only following ; in Sudan black B alcohol solution, ethanol-fixed nucleoli were not stained at all, and the same could be said of Turnbull blau reaction for iron. With K u r a t a's method for staining of carbonic anhydrase, the nucleoli exhibited diffuse brown colouration, but the cytoplasmic granules appeared, which almost corresponds to the dithizide positive granulation.
Although the method was done as carefully as possible, the positive reaction could be observed in nuclei.
Polarographic analysis of growing spinal cord of rat*. 48 spinal cords from 7, 14, 21, 28 and 42 days young and adult rats were ashed to be polarographically analyzed in a Ho h n's buffer (NH,C1 200 g, H2O 1600 rn.1, 0.02% gelatin 200 ml, adjusted to pH 9.6 by addition of approximately 200 ml of conc. NH2OH) under m(mg/ sec)-1.534, at 15C.+1.
Resultant polarograms were characteristic of zinc. No other metal, however, could be observed under the present experiment conditions.
From the microscopical observations it was expected that the * The author thanks Professor Doctor H. Takikawa and Miss K. Ono, in Endocrinological Laboratory of our university, for his criticism in the present experiment and for her technical assistance in the present practice of polarography. amount of the metal increases as the animal grows.
On the contrary, as shown by the accompanying table the spinal cord of 7 days was found most enriched with zinc and the zinc concentration decreased with animal growth.
The investigation on such phenomena is the subject of further research. Dialysis of spinal cord of adult rat. 2m1. of the solution of homogenized spinal cord (added 3 ml. distilled water in a cellophane tube for 24 hours (in the ice box) was dialysed against 50 ml. of distilled water outside of the tube. The external solution was tested with dithizide reagent, but the positive reaction was not observed.
Ca-EDTA injected animal. For sixty days 4 adult male mice were injected intraperitoneally Ca-EDTA (Disodium monocalcium ethylendiamine tetraacetic acid) in dosis 500 mg/kg every two days.
The author was interested in the use of the chelating agent as a possible means for reducing zinc complex in spinal cord. To the contrary, it was not indicated, from dithizide stainability, that zinc concentration of the nerve cells were reduced.
Consideration
The dithizide method or dithizon method for zinc was introduced by K. Okamoto et al (1942, 1951) to the field of the histochemistry, being later modified by M. M a g e.r et al (1953) . With this method T. F u j i i (1955) was able to demonstrate zinc in the nucleoli of starfish oocytes and staminal hair cells of Tradescantia. According to W. S. Vincent (1957) , mineral constituents of nucleoli were at present still controversy.
M. E n a m i (1958), with the same method , disclosed the same metal in the cytoplasmic inclusion of neurosecretory cells alone.
The colour reaction of nerve cell, especially of nucleoli , with the author's modification of the dithizide method appears more likely to be due to zinc on the basis of the present analysis . Other possibilities of the reaction of magnesium, copper, cobalt, iron and lipid are rejected by the present polarographic analysis and the tinctorial examination.
-From the result of the dialysis test , it is clear that zinc itself does not exist as ionizing simple substance under the present conditions.
The positive reaction in the nerve cell nuclei and cytoplasm during growth with the said method seems to be due to zinc also , but from the histochemical examination the cytoplasmic substance presumes to differ from the nucleolar one, and such difference might depend upon a zinc-bound compound between the two substances.
In the recent conception of nucleoproteins (L or i n g and War i t z, 1957), the dithizide positive substance in this report might represent more a protein-bound zinc which would further bind with nucleic acid, than the prosthetic metal of carbonic anhydrase (M a ws o n et al 1953). From this standpoint the author would tentatively interpret the microscopic results mentioned in preceeding paragraphs as followsat the post-natal stage a zinc-bound protein would diffuse from the nucleolus toward the nuclear membrane, cross it and induce in the cytoplasm a formation of zinc-bound protein, zinc itself playing a role as a carrier of the protein, but at the other stage the same phenomena might appear so slight that the substance could not be stained with the said method.
The author was struck by the fact that the data of the polarogram is not in accordance with the microscopical observation. This point is being investigated. Summary 1) The author was able to demonstrate a nucleolar substance in mammalian nerve cells (spinal cord of rat, mouse, guinea pig, rabbit, dog and man) with his modification of the diphenylthiocarbazide (dithizide) method which had been introduced by Okamoto et al. (1942, 1951 
Explanation of Plates
The nerve cells of spinal cord. Paraffin sections, fixed in ethanol, stained with the. author's modification of the dithizide method. Fig. 1-6 . Adult animal. The dithizide positive substance exists only in nucleoli . Fig. 7 -25. Rat spinal cord at post-natal stages.
Plate 1 Fig. 1 . Rat, adult. >K1100 Fig. 2 . Tracing of the cell in Fig. 1 . Fig. 3 . Rabbit, adult.
.1100 Fig. 4 . Guinea pig, adult. x1100 Fig. 5 and Fig. 6 . Man, female, 79 years old. x1100 Fig. 7 . On the 7th day after birth.
Stained faintly only in nucleolus. x1100 Fig. 8 . On the 14th day. The nucleolus is more intensely colored. x1100.
Plate 2 Fig. 9 . On the 14th day. The dithizide positive substance is observed in nucleolus, in nucleus and in cytoplasm. The nucleus is more faintly colored. x1100 Fig. 10 . Tracing of the cell in Fig. 9 . Fig. 11 . On the 21st day. The dithizide positive substance are found stained not only in nucleolus, but also in nucleus.
In cytoplasm, a few of stained granules are observed. x1100 Fig. 12 . Tracing of the cell in Fig. 11 . Fig. 13 . On the 21st day. The dithizide positive substance spreads from the nucleolus into cytoplasm. x1100 Fig. 14 . Tracing of the cell in Fig. 13 . Fig. 15 . On the 21st day. Diffuse substance is stained in nucleolus, and many granules of the substance are found all over the nucleus and the endoplasm. x1400 Fig. 16 . Tracing of the cell in Fig. 18 . Plate 3 Fig. 17 . On the 28th day. The dithizide positive substance is detected in nucleolus, in nucleus and in cytoplasm. The substance in a nucleus and in cytoplasm forms granules. x1400 Fig. 18 . On the 28th day. The dithizide positive substance is observed in nucleolus, around it and in cytoplasm. x 1100 Fig. 19 . Tracing of the cell in Fig. 18 . Fig. 20 . On the 21st day. The dithizide positive substance in nucleolus forms 8-9 larger granules. x1700 Fig. 21 . Tracing of the cell in Fig. 20 . Nucleolus is in contact with nuclear membrane . x 1100. Fig. 23 . Tracing of the cell in Fig. 22 . Fig. 24 . On the 42nd day. The dithizide positive substance is present in nucleolus and in one side part of the cytoplasm. Fig. 25 . Tracing of the cell in Fig. 24 • %It Ituri,rminb ., 11 ucl.memb. 
